Introduction
Hepatitis A virus (HAV) is endemic in many developing countries, somewhere the prevalence can be as high as 100% in children less than 5 years old [1] . Three epidemiologic patterns of endemicity (low, intermediate, and high), seen worldwide, reflecting the level of economic development [2] . The prevalence of HAV is very closely related to the socioeconomic status of the population and may vary within the same country according to changes in hygienic conditions [3, 4] . In developing countries, low economic status, high crowding, and inadequate water treatment contribute to a high endemicity pattern [5] . The epidemiologic pattern of hepatitis A infection is currently changing in many developing countries with improvements in socioeconomic conditions, public health programs and sanitary conditions [6] . It is important to detect such shifts because disease severity increases with older age, and adults are thus more likely to experience morbidity when infected, leading to greater disease burden and significant health problems [3, 7] .
Highly effective vaccines against hepatitis A have been available since the mid 1990s, and have proven to reduce disease burden and offer protection to at-risk populations [8] . However, vaccination is expensive and there are numerous reports worldwide on the changing epidemiology of hepatitis A and its prevalence. Therefore, information on the prevalence of immunity in each population would be required for any national hepatitis vaccination programme [9] .
Earlier surveys in Saudi Arabia indicated that HAV is endemic in Saudi Arabia, with approximately 90% of the adult population having positive anti-HAV [10] [11] [12] .
Improvement of socioeconomic conditions in this country may lead to changes in the epidemiology of HAV infection, with a decrease in antibody prevalence among children; consequently a significant proportion of the adolescent and adult population will be at risk of infection.
The study aimed to determine the current seroprevalence
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of antibodies against hepatitis A virus in selected group of children aged 1-6 years living in Northern borders region, Saudi Arabia, and to identify associated risk factors.
Materials and methods
This is a cross-sectional, sero-epidemiologic investigation of HAV among 1-6 years old children in the province of Northern borders, Saudi Arabia. The study was accomplished during February 2006 and January 2007.
According to the statistics of health directorate of Northern borders province, the number of children aged 1-6 years was estimated to be about 32 000. Primary health care is provided through a network of 40 primary health care centers (PHCC). Ten (PHCC) were selected (5 urban and 5 rural) randomly. From each selected PHC, one physician and one nurse (Arabic speaking) were assigned, trained and supervised by the author throughout the study. Pilot study on 100 children from different social classes (10 from each of the 10 PHCC) was conducted to determine the seroprevalence of anti-HAV IgG antibodies. The minimum sample size for the study (n= 941) was calculated using Epi-Info 2004 software and considering power=80%, 95% confidence level. The sample size was distributed proportionally between selected urban and rural PHCC. Children were enrolled in the study from those attending for vaccination or regular check-up at the selected PHCC after the verbal informed consent was obtained from parents or guardians. Children who attended more than once during the study period were included only once. Parents/ guardians of children were interviewed by a questionnaire included socio-demographic data (child age and sex, residence, nationality, educational level and occupation of parents, number of family members, monthly family income socioeconomic status, etc.), home sanitary conditions (source of drinking water, refuse disposal, sewage disposal, etc.) and previous history of symptomatic hepatitis A or hepatitis A vaccination or blood transfusion. Enrolled children were medically examined and checked for predefined inclusion/ exclusion criteria. The exclusion criteria were chronic illness, previous history of jaundice, previous vaccination against hepatitis A or blood transfusion. Socioeconomic status (SES) was determined according to the scale of Fahmy and El-Sherbiny [13] ; Items including mother's educations, father's education, family income, family size, water supply, refuse disposal and sewage disposal were assessed to categorize SES of the children into very low, low, middle and high. Five mL venous blood was collected from each child. The sera were separated by centrifugation, coded and kept frozen in micro tubes in -20 曟 temperature to be examined simultaneously later in the same laboratory in Arar Central Hospital laboratory. IgG Antibodies to hepatitis A virus (anti-HAV) was detected using the ELISA kits from Abbott Laboratory (Chicago, Illinois). The study was approved by the Northern Region General directorate of health affairs.
Data were analyzed using SPSS version 16 software (SPSS, Inc., Chicago, IL). A descriptive analysis was followed by bivariate analysis using a Chi-square test for comparison of the various sub-groups with a 5% statistical significance level. A multivariate logistic regression analysis was used to determine independent predictors of seroprevalence. Odds ratios and 95% confidence intervals were calculated and presented for these variables.
Results
A total of 950 (1-6 years old) children were enrolled in the study (490 males and 460 females). The prevalence of IgG antibodies to HAV was 33.8% overall, 35.5% among males and 32.0% among females with no statistically significant difference (P=0.247). However, it increased significantly with the age. The IgG antibodies to HAV were found in 57.5% of rural children, and 27.5% of urban (P<0.001). A higher proportion of non-Saudi children were found anti-HAV seropositive than Saudi children (43.1% & 32.7%, respectively) (P=0.035). (Table1). Table 2 showed that higher educational levels of parents were significantly associated with lower HAV seropositivity among studied children (P= 0.001). Children of non employed mothers were more likely to have past infection with HAV than those of employed (OR=1.41). Moreover, father's occupation had a significant influence on HAV seroprevalence, the lowest seropositivity (30.0%) was found among children whose fathers were working, professional/ semiprofessional, while the highest seroprevalence was among those whose fathers were workers (40.7%). Low socioeconomic children were more likely to have past infection with HAV than those categorized as being in the high and middle socioeconomic levels. Low family income and crowding index were significantly associated with high HAV seropositivity (P=0.013, 0.02, respectively). A higher prevalence of anti-HAV was found among children living in houses with nonhygienic water supply, and unhygienic refuse disposal (55.8%, and 65.6% respectively) compared to others with a safe municipal water supply , and hygienic refuse disposal (18.2%, and 27.8% respectively) (both P < 0.001). With regard to family size and availability of sewage facilities with flushing system, they had no significant influence on HAV seroprevalence. From multivariate logistic regression analysis, increasing age, rural residence, non Saudi nationality, and non availability of safe municipal water source were the most important independent predictors for HAV seropositivity among the studied children (Table 3) .
Discussion
This study showed that about 33.8% of 1-6 years old children in Northern borders region, Saudi Arabia had previous contact with hepatitis A virus. This finding is lower than that reported in national study conducted in Saudi Arabia during [1989] [1990] , where the seroprevalence was 52.4% overall and highest (67%) in neighboring northwestern region [14] . This indicates a shift of HAV epidemiological pattern in Saudi Arabia from high to [15] [16] [17] [18] .
In the current study the seroprevalence of anti-HAV showed increased trend with increased age, a finding consistent with that reported in previous studies [7, 14] . In our study significantly higher HAV seroprevalence was observed among rural children than urban ones and this may be partly explained by the difference in the nature of water supply. While nearly all urban areas are supplied by water pipes from a central reservoir, many villages depend on wells and tankers delivering water supplies [14] . Similar urban-rural differences have been reported previously [14, 19] .
In the present study, the HAV seroprevalence was significantly higher among children living in poor sanitary conditions and water supply was the most important significant risk factor for prediction of HAV seropositivity. This has been reported previously in other studies [14, 17, 20] .
One of the important significant risk factors for prediction of HAV seropositivity revealed by the present study was nationality. Non Saudi children (mostly from Middle Eastern countries) were more likely to have exposed to HAV past infection than Saudi children. This nationality differences suggest that HAV endemicity is decreasing more rapidly in Saudi Arabia, with its higher percapita income than in other Middle Eastern countries. This is in accordance with that reported previously by Khalil et al [21] .
In conclusion, the results of this study suggest that HAV epidemiology has changed in Saudi Arabia from a high to an intermediate endemicity pattern. This shift has been a well-known epidemiologic feature in developing countries that underwent socio-economic and hygienic improvements, such as Latin America [22] . Due to this gradual shift from high to intermediate endemicity for hepatitis A, there will be a drop in HAV circulation and consequently the immunity to HAV infection falls rapidly, resulting in a growing pool of susceptible adolescents and adults with high risk of severe hepatitis A with serious public health consequences [23] . The probability of HAV epidemic increases due to the significant number of individuals susceptible to infection. The WHO position paper on hepatitis A vaccines [24] states that in countries of intermediate endemicity, largescale childhood vaccination should be considered as a supplement to health education and improved sanitation. The shift in epidemiologic pattern observed in Saudi Arabia and the availability of safe and effective hepatitis A vaccines stress the need to consider inclusion of hepatitis A vaccine programs in the national immunization schedule of Saudi Arabia to reduce the risk of hepatitis A morbidity and mortality in susceptible children and adolescents.
This clinic-based study was done in one region of the Kingdom. A community-bases nationwide study is warranted to give a full picture of hepatitis A endemicity. 
